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摘  要 
本研究针对亚热带常绿阔叶林天然分布的树种木荷(Schima superba Gardn. 















2. 对于 30d 实生苗来说，胁迫处理 30d 时，木荷幼苗根、茎、叶鲜重的平
均值分别为 0.04g、0.02g、0.05g，白楸幼苗根、茎、叶鲜重的平均值分别为 0.22g、























量为 28%)。木荷根冠比平均值从水分胁迫 30d 时的 1.55 增加到水分胁迫 60d 时










5. 对于 30d 实生苗来说，胁迫处理 30d 和 60d，木荷幼苗叶片中 N 含量在
土壤相对含水量 19%下低于其它处理的 N 含量；其叶片中的 C/N 在土壤相对含
水量 19%下高于其它梯度的 C/N。胁迫处理 30d，木荷幼苗叶片中 C 含量没有明
显变化；胁迫处理 60d 时，木荷幼苗叶片中 C 含量从土壤相对含水量为 19%时
的 47.22%下降为土壤相对含水量 22%和 25%时的 44.59%和 44.80%，到含水量
28%时，又略有增加(45.02%)。胁迫处理 30d 和 60d，白楸幼苗叶片 N 含量和 C
含量都随土壤含水量的降低而增加，C/N 随土壤含水量的降低而降低；随胁迫时
间延长，土壤相对含水量 19%时白楸幼苗叶片 N 含量增加明显。这说明木荷和
白楸可能利用不同抗逆物质来耐受干旱胁迫。 
6. 对于 30d实生苗来说，胁迫处理 30d时，白楸叶绿素含量平均值(2.39mg.g-1)






下降到 60d 时的 2.87，其 Car/Chl 平均值从胁迫处理 30d 时的 0.27 增加到 60d 时
的 0.28；白楸叶片 Chla/Chlb 的平均值从胁迫处理 30d 时的 3.12 下降为 60d 时的















片 Chla/Chlb、Car/Chl 的平均值都大于白楸叶片 Chla/Chlb、Car/Chl 的平均值。
对于胁迫处理 40d 的 150d 实生苗来说，白楸叶片 Chla/Chlb 平均值 3.26 是木荷
叶片 Chla/Chlb 平均值 2.83 的 1.15 倍；白楸叶片 Car/Chl 平均值 0.19 是木荷叶片
Car/Chl 平均值 0.17 的 1.12 倍，白楸叶片 Car/Chl 低于土壤相对含水量 25%时开
始增大，而木荷低于土壤相对含水量 19%时才开始增大。由此说明，延长水分胁
迫时间对木荷和白楸幼苗叶片光合色素含量比率的影响不明显。 
8. 对于 30d 实生苗来说，在土壤相对含水量为 19%时，胁迫处理 30d 木荷
叶片 MDA 含量 42.42µmol.g-1 是胁迫处理 60d 其含量 20.36µmol.g-1的 2.08 倍，
其叶片 MDA 含量胁迫处理 30d 和胁迫处理 60d 各处理间的差值随土壤含水量的





9. 对于 30d 实生苗来说，胁迫处理 60d 木荷叶片 SOD 总活性平均值
4387.43U.g-1 是胁迫处理 30d 其平均值 1719.23U.g-1 的 2.55 倍；胁迫处理 60d 白
楸叶片 SOD 总活性平均值 1209.18U.g-1 是胁迫处理 30d 其平均值 445.55U.g-1 的
2.71 倍。木荷叶片 SOD 总活性高于白楸叶片 SOD 总活性，SOD 总活性的活性
随胁迫时间地延长而增大。 
10. 对于 30d 实生苗来说，胁迫处理 30d 时，白楸叶片 POD 活性平均值
443570.31U.g-1.min-1是木荷叶片 POD活性平均值 1130.48U.g-1.min-1的 392.37倍；
胁迫处理60d时，白楸叶片POD活性平均值618812.93U.g-1.min-1是木荷叶片POD
活性平均值 4249.21U.g-1.min-1 的 145.63 倍。胁迫处理 60d 木荷叶片 POD 活性平
均值是胁迫处理 30d 其平均值的 3.76 倍；白楸叶片 POD 活性胁迫处理 60d 的平
均值为是胁迫处理30d其平均值的1.39倍。白楸叶片POD活性高于木荷叶片POD
活性，木荷和白楸叶片内 POD 活性随胁迫时间的延长有升高趋势。 
11. 对于 30d 实生苗来说，胁迫处理 30d 时，木荷和白楸幼苗叶片 Pro 含量
随土壤含水量的升高都是先降低后升高；胁迫处理 60d 时，木荷和白楸幼苗叶片


















12. 对于 150d 实生苗来说，白楸叶片 SOD 活性、POD 活性、Pro 含量、MDA
含量总体表现随着土壤含水量降低，先降低后升高再降低的变化特征，而木荷叶
片 SOD 活性、POD 活性和 Pro 含量在土壤相对含水量 19%时才开始增加，在轻
度淹水胁迫下，其 SOD 活性、POD 活性和脯氨酸含量变化规律不明显。土壤相

















基本呈林缘＜林外＜林内的趋势，其 Chla/Chlb 和 Car/Chl 基本呈林内＜林外＜




















To explore the response of restoring tree seedling regeneration to water stress 
from budding, morphological, physiological, element distributing and population 
structure, and to improve understanding of regeneration in subtropical forests and 
revegetation of degraded forests in subtropical area and south subtropical area, two 
pioneer tree, Schima superba Gardn. et Champ. and Mallotus paniculatus (Lam.) 
Muell.-Arg. was selected in this study. Seeds of Schima superba and Mallotus 
paniculatus were marinated in Polyethylene glycol (PEG-6000). The influence of 
drought stress on germination and growth of seeds were measured by morphological, 
physiological and element distributing in the leaves of two plants seedlings growing at 
different water content. And the effect of altitude and light to morphological of 
Schima superba leaves were also studied. The main results showed that: 
1. The sprout length and germination of Schima superba decreased with the 
increase of PEG-6000 concentration on all trials, it was the least at 20% PEG-6000 
concentration. The sprout water content did not decrease step by step with increase of 
PEG-6000 concentration. The sequence of germination ratio in PEG-6000 
concentration was: in water under natural light＞in sand under light comeback＞in 
sand under dark. Schima superba seeds germination was restrained under dark, and 
was restrained remarkably under drought stress and dark. The light and water were 
significant factors for Schima superba seeds. Mallotus paniculatus seeds did not 
bourgeon on simulating water stress trial. But it could bourgeon well under natural 
condition. 
2. For 30 days 30-day-traited seedling, average fresh mass of root, stem and 
leave of Schima superba seedlings was 0.04g, 0.02g, 0.05g, respectively; average 
fresh mass of root, stem and leave of Mallotus paniculatus seedlings was 0.22g, 0.09g, 
0.14g, respectively. For 30 days 60-day-traited seedling, average fresh mass of root, 
stem and leave of Schima superba seedlings was 0.08g, 0.03g, 0.07g, respectively; 
average fresh mass of root, stem and leave of Mallotus paniculatus seedlings was 
0.73g, 0.32g, 0.46g, respectively. Average fresh mass of Schima superba seedlings 
was lower than that of Mallotus paniculatus seedlings, and growth speed of Schima 















area, fresh mass and dry mass of Schima superba and Mallotus paniculatus seedlings 
at relative soil water content (19%, 22%, 25%) was lower than that of Schima superba 
and Mallotus paniculatus seedlings at 28%. For Schima superba and Mallotus 
paniculatus seedlings, the difference between Leave number, leave area, fresh mass 
and dry mass of 30-day-treated seedlings and that of 60-day-treated seedlings 
decreased with soil water content, but the change range of Mallotus paniculatus more 
than that of Schima superba. 
3. The taproot length of Schima superba increased while soil water content 
decreased. For Mallotus paniculatus, under water stress (19%, 22%, 25% of relative 
soil water content), the taproot length was lower than in normal condition (28% 
relative soil water content). Average RSR (1.55) of Schima superba 30-day-treated 
seedlings was lower than that of 60-day-treated (1.73). And average RSR (0.88) of 
Mallotus paniculatus 30-day-treated seedlings was bigger than that of Mallotus 
paniculatus seedlings treated 60 days (0.20). While treated time lasted, RSR of 
Schima superba seedlings increased, and that of Mallotus paniculatus seedlings 
decreased. For Schima superba and Mallotus paniculatus seedlings, the root could 
obtain more resource under water stress, but the manner was different. Schima 
superba increased its Taproot, and Mallotus paniculatus increased its lateral root 
number. 
4. The biomass of the Schima superba and Mallotus paniculatus seedlings at 
19%, 22%, 25% of relative soil water content was lower than at 28% relative soil 
water content. And at 19% relative soil water content, the growth of root, stem and 
leave of Schima superba and Mallotus paniculatus seedlings were restrained 
obviously. At 16% relative soil water content, Schima superba and Mallotus 
paniculatus seedlings died all at the third day. So withstanding drought stress potential 
of Schima superba and Mallotus paniculatus was bad than that of Quercus 
liaotungensis, Pinus koraiensis, and Quercus mongolica et al. And the nonage of 
Schima superba and Mallotus paniculatus could lived well in 28% relative soil water 
content. 
5. While 30 days seedlings were treated for 30 days and 60 days, the nitrogen 
contents of Schima superba leaves at 19% relative soil water content was lower than 
others (22%, 25%, 28% of relative soil water content), while the C/N ratio was the 
opposite. For the 30-day-treated seedlings, the carbon contents changes slightly, as for 















22% and 25% relative soil water content were lower than that of 28% (carbon content 
45.02%). But the carbon contents (47.22%) of Schima superba leaves at relative soil 
water content 19% was higher than that of 28%. After treated for 30 days and 60 days, 
the nitrogen contents and carbon contents of Mallotus paniculatus leaves augmented 
while moisture content decreased, however, its C/N ratio decreased with the moisture 
content. As treated time lasted, the nitrogen contents of Mallotus paniculatus leaves 
increased observably at relative soil water content 19%. So the conclusion may be 
made that the two plants use different systems to resist drought stress. 
6. For 30 days of seedling age with 30-day-treated, the average chlorophyll 
contents of Mallotus paniculatus leaves (2.39mg.g-1) was 4.27 times higher than that 
of Schima superba (0.56mg.g-1). For 30 days of seedling age with 60-day-treated, the 
average content of chlorophyll of Mallotus paniculatus leaves (1.40mg.g-1) was 3.18 
times higher than that of Schima superba (0.44mg.g-1). For 150 days of seedling age, 
the average content of chlorophyll of Mallotus paniculatus leaves (2.23mg.g-1) was 
1.92 times higher than that of Schima superba (1.16mg.g-1). The average content of 
chlorophyll of Mallotus paniculatus leaves was higher than that of Schima superba, 
and decreased while the treated time increased. 
7. For 30 days of Schima superba seedling age, average Chla/Chlb ratio of leaves 
reduced 3.34 (30-day-treated) to 2.87 (60-day-treated); average Car/Chl ratio of 
30-day-treated leaves was 0.27, while that of 60-day-treated leaves was 0.28. For 30 
days of Mallotus paniculatus seedling age, average Chla/Chlb ratio of leaves reduced 
3.12 (30-day-treated) to 2.46 (60-day-treated); and average Car/Chl ratio of leaves 
reduced 0.16(30-day-treated) to 0.11 (60-day-treated). And average Chla/Chlb ratio 
and average Car/Chl ratio of Schima superba leaves were higher than that of Mallotus 
paniculatus leaves. For 150 days of seedling age with 40-day-treated, average 
Chla/Chlb ratio of Mallotus paniculatus leaves (3.26) was 1.15 times higher than that 
of Schima superba leaves (2.83); average Car/Chl ratio of Mallotus paniculatus leaves 
(0.19) was 1.12 times higher than that of Schima superba leaves (0.17). To 150 days 
seedling, Car/Chl ratio of Mallotus paniculatus leaves begun to increase when soil 
water content was less than 25%, but that of Schima superba was less than 19%. while 
treated time lasted was not significant effect to chlorophyll ratio of Mallotus 
paniculatus and Schima superba leaves. 
8. For 30 days of Schima superba seedling age, when relative soil water content 















higher than that of 60-day-treated (20.36µmol.g-1). For Schima superba seedlings, the 
difference between MDA content of 30-day-treated seedlings and that of 
60-day-treated seedlings increased while soil water content decreased, but that of 
Mallotus paniculatus leaves was all slight. The lipid peroxidation degree of Schima 
superba leaves augmented while soil water content decreased, and decreased with 
treated time lasted. The lipid peroxidation degree of Mallotus paniculatus leaves 
augmented while soil water content decreased, but could not augmented while treated 
time lasted. So the conclusion may be made that Schima superba leaves could 
enhanced the ability of resisting drought stress. 
9. For 30 days of seedling age, average SOD activity (4387.43U.g-1) of Schima 
superba 60-day-treated leaves was 2.55 times higher than that of 30-day-treated 
(1719.23U.g-1). Average SOD activity (1209.18U.g-1) of Mallotus paniculatus 
60-day-treated leaves was 2.71 times higher than that of 30-day-treated (445.55U.g-1). 
Average SOD activity of Schima superba was higher than that of Mallotus 
paniculatus leaves. Their SOD activity augmented while treated time lasted. 
10. For 30 days of seedling age with 30-day-treated, average POD activity 
(443570.31U.g-1.min-1) of Mallotus paniculatus leaves was 392.37 times higher than 
that of Schima superba leaves (1130.48U.g-1.min-1). For 30 days of seedling age with 
60-day-treated, average POD activity (618812.93U.g-1.min-1) of Mallotus paniculatus 
leaves was 145.63 times higher than that of Schima superba leaves 
(4249.21U.g-1.min-1). Average POD activity of Schima superba 30-day-treated leaves 
was 3.76 times higher than that of 60-day-treated. Average POD activity of Mallotus 
paniculatus 60-day-treated leaves was 1.39 times higher than that of 30-day-treated. 
POD activity of Mallotus paniculatus leaves was higher than that of Schima superba. 
Their POD activity augmented while treated time lasted. 
11. For 30 days of seedling age with 30-day-treated, Pro contents of Schima 
superba and Mallotus paniculatus leaves decrease first, then went up, while soil water 
content increased. For 30 days of seedling age with 60-day-treated, Pro contents of 
Schima superba and Mallotus paniculatus leaves decrease while soil water content 
increased, but Mallotus paniculatus was more remarkable than significent Schima 
superba. Pro content of Schima superba 30-day-treated seedlings was lower than that 
of 60-day-treated. So the conclusion may be made that the ability of resisting drought 
stress could improved through adding more Pro content to Mallotus paniculatus 
















12. For 150 days of seedling age, the SOD activity, POD activity, Pro content 
and MDA content of Mallotus paniculatus leaves decreased with the decrease of soil 
water content, and increased again, then lowered as a whole. But the SOD activity, 
POD activity and Pro content of Schima superba leaves had a increase at 19% relative 
soil water content. Under the slight flood stress, the change rule of SOD activity, POD 
activity and Pro content of Schima superba leaves was not significant. The change of 
SOD activity, POD activity and Pro content of Schima superba leaves was slight at 
soil water content from 25% to 40%. Thus it could be seen that they could suffer to 
the slight flooding stress. 
13. The defensive abilities of Schima superba and Mallotus paniculatus leaves 
were decided by several paths inside the body under the drought stress, but the 
regulative ability and defendable way were different between these two plants. The 
two plants use different systems to resist drought stress. While seedling age increased, 
drought resistance of Mallotus paniculatus decreased, but that of Schima superba was 
the opposite. Based upon the above analysis, we concluded that Mallotus paniculatus 
maybe more sensitive to drought stress than Schima superba. 
14. The effect of altitude on blade thickness, leave area and ratio of leave length 
and leave width of Schima superba leaves was remarkable. Blade thickness and leave 
width increased while altitude increased from 800m to 1200m. Leave area lowered 
first, then increased, and decreased again with altitude increased. Ratio of leave length 
and leave width increased first, then lowered, and increased again with altitude 
increased. But the effect of altitude on leave length and leave width of Schima 
superba was not remarkable. With altitude increased, there was a positive correlation 
between blade thickness and leave width, and there was a significant negative 
correlation between blade thickness and the ratio of leave length and leave width. 
There was a negative correlation between leave area and the ratio of leave length and 
leave width. The photosynthetic pigment content of Schima superba increased first, 
then lowered with altitude increased, and reached the most at 800m. 
15. With light decreased, the order of leave length, ratio of leave length and leave 
width, leave width and leave area of Schima superba was: outside<edge<inside, and 
the order of blade thickness and leave water content was: outside>edge>inside, and 
the order of the photosynthetic pigment content was: inside<outside<edge. There was 















ratio of leave length and leave width.  
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